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TECHNICAL NOTE
A new method for estimating G-I absorption of alkali
MAN S. OH
Department of Medicine, State University of New York, Health Science Center at Brooklyn, Brooklyn, New York, USA
The pioneering studies of Relman et a! and Lemann et al have
shown that the major endogenous acids are sulfuric acid and
organic acids, and that the rates of net production of these acids
can be estimated from the urinary excretion rates of their anions
[1—8]. Normally food contains a substantial amount of potential
alkali, and absorption of this alkali should be considered in
estimating net effective acid production. However, subsequent
studies demonstrated that the amount of alkali absorbed is not
equal to the alkali content of food, because not all of the alkali
is absorbed. The correlation between renal acid excretion and
acid production improved substantially when net alkali ab-
sorbed in the G-I tract was measured as the difference between
net alkali content of food and that of feces, and was included in
the calculation of acid production, that is, net effective acid
production [7]. In both food and feces, net alkali content was
estimated as the sum of non-combustible cations (Na + K + Ca
+ Mg) minus the sum of non-combustible anions (Cl + 1.8 P).
All the electrolytes except phosphate were expressed in mEq.
Phosphate was expressed in mmol and then multiplied by the
factor 1.8 because the molar ratio of HPO4/H2P04 at pH 7.4 is
4/1, resulting in an average valence of phosphate of 1.8 [2].
Thus, net G-I absorption of alkali equalled alkali content of food
minus alkali content of feces.
The measurement of net G-I absorption of alkali by analysis
of diet and stool is complicated by several problems, including
inconvenience and imprecise timing of prolonged stool collec-
tion and inhomogeneity of stool samples. The purposes of this
study are to describe a new method for measurement of net
alkali absorption from the G-I tract, to present empirical
evidence supporting the validity of this method, and to provide
theoretical evidence for the superiority of urinary measure-
ments over measurements in food and feces.
Methods
We analyzed five publications in which contents of non-
combustible cations and anions were measured simultaneously
in food, feces, and urine [2—6]. These data enabled us to
estimate net G-I absorption of alkali by 2 techniques: 1) urinary
non-combustible cations — urinary non-combustible anions;
and 2) (diet non-combustible cations — diet non-combustible
anions) — (fecal non-combustible cations — fecal non-combus-
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tible anions). Only one of the five publications contained
information on urinary and fecal magnesium concentrations,
but since the experimental subjects were given magnesium-free
diets, fecal and urinary magnesium excretion was probably
quite small. Furthermore, since magnesium is excluded in the
calculation of net G-I absorption by both methods, comparison
of the two methods would not be influenced by its exclusion.
When daily fecal electrolyte contents were reported as a mean
of the results of several days' collections, the net G-I absorption
of alkali by both techniques was also estimated as a mean of the
same period. NH4CI or NaHCO3 ingested during the experi-
mental period was included in the calculation of net G-I
absorption of alkali as if it were part of the diet.
Since the new method is valid only if serum bicarbonate
concentration is stable and the contribution to serum bicarbon-
ate concentration of cellular and bone buffering negligible, the
estimation of net G-I absorption by the two methods will give
different results during the early phase of acid or alkali loading
or immediately after discontinuation of acid or alkali loading.
Six values of net G-I absorption were measured during unstable
periods. Three of the six values were measured during the first
three days, first six days, and first four to seven days of NH4C1
loading, one during the first three days of NaHCO3 loading, one
during the first three days of soy phosphoprotein loading, and
one during the first six days of recovery from NH4CI loading.
The data obtained during these unstable periods were sepa-
rately analyzed.
Results
Measurements of net G-I absorption of alkali by analysis of
urinary electrolytes are compared with those obtained by
analysis of food and fecal electrolytes in Figure 1. A highly
significant correlation (r = 0.99; P < 0.0001) exists between the
two sets of results. Even when the results obtained during the
unstable periods were included, the correlation was still highly
significant (r = 0.97; P < 0.0001). The data from the unstable
periods are shown in Table 1. During acid loading net G-I
absorption of alkali estimated by analysis of food and fecal
electrolytes was uniformly more negative than that obtained by
the urinary electrolyte method, whereas during alkali loading or
recovery from acid loading, the values were reversed. Net G-I
absorption of alkali by the two methods was compared during
prolonged acid loading and during prolonged recovery periods
and the results are shown in Table 2 [3]. Discrepancies were
apparent only during the first six days of acid loading and the
first six days of recovery, but results during stable periods were
remarkably concordant.
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Table 1. Net G-I absorption of alkali by 2 methods during unstable
periods
Food-feces Urine
analysis electrolytes
Period of instability [ret]mEq of alkali/day
142 85 1—3rd day of HCO3 [5]
—270 —224 1—3rd day of NH4CI [5]
—270 —241 4—7th day of NH4CI [5]
—35 0 1—3rd day of phosphoprotein [6]
—85 —40 1—6th day of NH4CI [3]
16 —60 1—6th day after NH4CI [31
Discussion
Determination of net G-I absorption of alkali from urinary
electrolyte analysis is based on the assumption that the differ-
ence between the amounts of non-combustible cations and
non-combustible anions absorbed from the gut equals the
difference between the amounts excreted in the urine under
stable conditions.
Since total extracellular contents of divalent ions are small
(about 45 mEq of Ca, 30 mEq of Mg, and 30 mEq of P), in the
absence of substantial net flux from or into bone, the amounts
of these ions excreted in the urine must be virtually equal to the
amounts absorbed from the G-I tract, even if their serum
concentrations fluctuate somewhat. Net flux of calcium, mag-
nesium, and phosphate from or into bone in a normal adult
without active bone formation or bone resorption is insignifi-
cant. Even a substantial net formation or resorption of bone
would have a trivial effect on net G-I absorption of alkali
estimated by the present technique. Deposition of calcium and
phosphate in the bone as hydroxyapatite removes more calcium
than phosphate from the extracellular fluid, because the molar
ratio of calcium: phosphate in calcium phosphate hydroxyapa-
tite is 10:6. For example, deposition of 2.5 mmol of Ca (5 mEq
or 100 mg) per day with 1.5 mmol of P (1.5 x 1.8 = 2.7 mEq) as
calcium phosphate hydroxyapatite requires 2.3 mEq more
calcium than phosphate, and represents a loss of 2.3 mEq of
alkali from the extracellular fluid. In an individual with net
Food-feces
(A)
Urine
(B)
Difference
(A — B)
mEqiday
Ist6daysofNH4Cl
2nd6daysofNH4Cl
3rd6daysofNH4Cl
lst6days after NH4CI
2nd 6 days after NH4CI
3rd 6 days after NH4CI
4th 6 days after NH4CI
5th 6 days after NH4CI
6th 6 days after NH4CI
7th 6 days after NH4CI
—85
—168
—180
+16
+34
+42
+36
+39
+34
+26
—40
—169
—188
—60
+44
+34
+30
+24
+31
+27
—45
+1
+8
+76
10
+8
+6
+15
+3
—1
deposition of calcium in the bone at a rate of 100 mg daily, the
urinary electrolyte method would therefore underestimate net
G-I alkali absorption by only 2.3 mEq per day. Conversely,
negative calcium balance of 100 mg per day with dissolution of
bone would result in overestimation of net G-I absorption by 2.3
mEq per day.
In the steady state, the amounts of Na, K, and Cl excreted in
the urine should be nearly equal to the amounts absorbed from
the G-I tract. However, because the extracellular contents of
Na and Cl are substantial, and the extracellular volume tends to
fluctuate, especially with varying salt intake, urinary Na and Cl
content in a given 24 hour period may be different from the
amounts absorbed from the G-I tract during the same period.
However, daily fluctuations in Na and Cl excretion would not
affect the calculation of net G-I absorption of alkali as long as
both Na and Cl are retained or lost together; the effect of
increased or reduced Na excretion in urine would be exactly
cancelled by that of Cl, since the sum of non-combustible
anions is subtracted from the sum of non-combustible cations
for the calculation. For the same reasons, extrarenal loss of
salt, such as in sweating, would have negligible effect on the
calculation of net alkali absorption from the G-I tract, since the
lost Na or K is accompanied primarily by Cl. To the extent that
0
0
916 Oh: G-I absorption of alkali
200
100
000
P
5
—100
—200
—300
—300
0
0
r = 0.99
—200 —100 0 100
Urine
Fig. 1. Correlation of net G-I absorption of
alkali measured by the analysis of food and
feces compared with that estimated by
analysis of urinary electrolytes. Both values
are expressed as mEq/day. The open circles
200 represent values obtained during unstable
periods of acid-base balance.
Table 2. Net G-I absorption of alkali by 2 methods during prolonged
administration of NH4CI and during recovery phase
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HCO3 or lactate balanced sodium or potassium in sweat, alkali
would be lost, but without visible sweat, such loss is negligible.
Although the similarity of results in estimation of net G-I
absorption of alkali by the two methods strongly supports the
accuracy of the new method, a disparity between the two sets of
results would not necessarily have invalidated the new tech-
nique. Truly discrepant results would indicate existence of a
condition such as massive bone formation or resorption, extra-
renal and non-gastrointestinal bicarbonate loss, or changing
extracellular bicarbonate content; such conditions would usu-
ally be obvious. A far more likely cause of a discrepancy
between the results of the two methods would be a laboratory
error in the measurement of electrolytes. For technical reasons,
that is, inhomogeneity of stool samples and difficulty in their
collection, measurement errors are more likely to involve feces
and food than urine. For example, in a study of electrolyte
balance by Maierhoffer et al, dietary and stool electrolyte data
suggested retention of 7 mmol (over 200 mg) of phosphorus
daily [8]. Phosphate retention of such degree in an adult without
previous phosphate depletion is highly unlikely, and it seems
more likely that the G-I absorption of phosphate was overesti-
mated, either because fecal phosphate was underestimated or
dietary phosphate was overestimated. Furthermore, food and
feces provide two sources of error, whereas urine electrolyte
measurement involves only one. In addition, an error resulting
from an inaccurate stool volume would be proportionately
greater than an error resulting from an inaccurate urine volume,
because the difference between non-combustible cations and
anions is usually greater in stool samples than urine samples. In
the data obtained by Lennon, Lemann and Litzow [7], the
excess of non-combustible cations over non-combustible anions
in the stool was 16 mEq, 36 mEq, and 23 mEq with the liquid
formula diet, whole food A, and whole food B, respectively,
while the overall acid balances (the amounts absorbed) were 2
mEq, —8 mEq, and +12 mEq, respectively.
In order to assure that G-I absorption of alkali is accurately
measured by the analysis of diet and feces, several conditions
must be met. First, subjects must be adapted to their diet for a
period sufficiently long to insure that the average fecal compo-
sition reflects the new fixed dietary conditions and the time
period of fecal collection should be sufficiently long. Second, in
order to assure complete absorption of the fixed cations and
anions there must be no intestinal disease. In contrast, the
proposed new method is free from these constraints.
Although the usual practice is to estimate daily endogenous
acid production as the sum of sulfuric and net organic acid
production and to ignore net G-I absorption of alkali, the latter
quantity on a normal diet is very substantial, about 30 mEq/day
(unpublished observations), and therefore should not be ig-
nored. Despite its obvious importance, G-I absorption of alkali
has been neglected mainly because of the technical difficulties
inherent in the method of its measurement. In fact, no study has
measured net G-I absorption of alkali on a normal diet in an
outpatient setting, because such measurements in an outpatient
setting using the conventional technique would be virtually
impossible. In contrast, a mean value of net 0-I absorption of
alkali in a large population estimated by the proposed technique
would be extremely accurate even in an outpatient setting. On
a given day in a given individual, the quantities of non-
combustible cations and anions absorbed may not be identical
to those excreted in urine, but in a sufficiently large population
the mean value of the amounts absorbed must be fairly close to
the mean value of those excreted.
The analysis of urinary electrolytes would still have a clinical
utility even in unstable states such as active bone buffering. A
discrepancy between non-combustible cations and anions in the
urine in these situations will reflect the combined effects of bone
and cellular buffering and net G-I absorption of alkali. If net G-I
absorption of alkali is measured accurately by both techniques,
and if serum bicarbonate concentration is stable, any true
difference between the two sets of results would be due to bone
and cellular buffering. A substantial discrepancy did in fact
occur during unstable periods. During acute acid loading, net
0-I absorption of alkali estimated by the diet-feces analysis was
much more negative than that measured by the urine electro-
lytes (Table 1); excretion of urinary electrolytes was influenced
not only by the G-I absorption but also by cellular and bone
buffering. During continuous acid loading of more than one
week duration, however, the discrepancy virtually disappeared,
indicating that contribution of bone and cellular buffering in
chronic acidosis is not very substantial (Table 2).
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